Intuitive interaction is an important aspect of usability in interface design. This paper contributes to the research in this area by proposing a conceptual framework for evaluating intuitive interaction based on image schemas. The framework comprises four phases: goal identification, image schemas extraction, analysis, and assessment. It quantifies intuitive interaction by comparing the image schemas envisaged by the designer of a product with those used by its users. The proposed framework is evaluated through a study involving forty-two participants completing a set task with a product. The study identified the image schemas, which were correctly used in accordance with the designer"s intent and those that were incorrectly used and contributed to the difficulties that many participants experienced. The inter-rater reliability and empirical validity were examined. The proposed framework provides a structured approach to usability testing by enabling both quantitative and qualitative evaluation of intuitive interaction.
Introduction
Multifunctional products have penetrated all aspects of our life. It was once estimated that each person in the Western society uses some twenty thousand different objects (each with their own interface), most of which are highly specialised and require learning [Norman, 1993] . Nowadays, new interfaces with ever more sophisticated features and functionality are offered. This trend has a negative impact on users as unfamiliar interfaces increase the cognitive effort required during interaction with products [Blackler et al., 2010] . One way of managing such complexity is to employ principles that facilitate intuitive use. The word "intuition" originates from the Latin word intueri, which means to look, gaze or know from within. Intuition is an integral part of human nature; it is a part of the human experience. The large amount of research exploring this concept has resulted in the proliferation of definitions and attributes introduced in an attempt to formalise this concept [Sinclair and Ashkanasy, 2005; Gerald et al., 2008; Blackler et al., 2010] . Such attributes include prior knowledge, subconscious processing, a sudden awareness of cues, and experiencing emotion. Lack of verbalisation, confidence in answers, expectation, and being very quick in decision making are also reported. Prior knowledge and subconscious processing are accepted to be the two most important attributes of intuition. Several information-processing models explore the idea that intuition is based on experience [Rasmussen, 1993; Klein, 1998; Wicken et al., 2004] . Similarly, much work has been conducted studying the subconscious nature of intuition [Simonton, 1980; Hammond et al., 1993; Kahneman and Fredrick, 2002] . Intuition as a concept has been applied in the fields of education and learning [Simonton, 1980; Hogarth, 2001] , decision making [Kahneman and Fredrick, 2002; Klein, 1993; ] , psychology Asikhia O., Setchi R., Hicks Y. & Walters A., 2015, Conceptual Framework for Evaluating Intuitive Interaction [Bastick, 1982] , brain science [Damasio, 1994; Lieberman, 2000] and most recently, interface design [Hurtienne and Blessing, 2007; Blackler et al., 2010; Britton et al., 2013] . This article considers intuition a processing mode, which comprises both cognitive and affective elements and leads to direct knowing without any use of conscious reasoning [Sinclair and Ashkanasy, 2005] . Two aspects are central in this definition: the cognitive and the affective elements in the application of previous knowledge. The first part presumes that less cognitive effort is required to identify a solution that fits if the information processing is based on the nonconscious scanning of stored knowledge. The affective side, which comprises emotion and aesthetic quality, is also an integral part of intuition. Based on the context, this aspect either facilitates or inhibits access to previously acquired knowledge [Sinclair et al., 2002] . In the field of user interface design, current approaches to designing intuitively useable interfaces exploit the idea that the use of prior knowledge enables quicker cognitive processing [Hurtienne and Blessing, 2007; Blackler et al., 2010] , which agrees with the first aspect of the above definition. Specifically, most of the frameworks for exploring and evaluating intuitive interaction are based on the subconscious use of prior experience. The methodologies adopted in previous studies for evaluating intuitive interaction include measuring the level of familiarity with similar products [Blackler et al., 2003b] , employing image schemas and their metaphoric extensions and using usability standards [Hurtienne and Blessing,2007] , and activation trigger schemas [Fischer et al., 2009] . This paper contributes to the research in this area by focusing on the subconscious use of prior knowledge, in which image schemas play an important role. An image schema is defined as the recurring structure of cognition that structures the human understanding of the world [Johnson, 1987] . Image schemas satisfy the two basic prerequisites for intuitive interaction: previous knowledge and subconscious processing [Mohs et al. 2006] . In the continuum of prior knowledge acquired before interaction with new products, image schemas occupy the lower level (sensorimotor) [Hurtienne and Blessing, 2007] . The lower levels of knowledge in the continuum facilitate frequent encoding and are more robust in information processing. As highlighted by Hurtienne and Blessing (2007) , these knowledge levels are more likely to be applied subconsciously and therefore intuitively. Intuitive interactions have been operationalised and measured in previous studies using parameters such as higher effectiveness (low error, high accuracy), higher efficiency (quicker response time, low cognitive effort) and satisfaction (positive attitudes and preferences) of the use of the products [Naumann et al 2007; Hurtienne and Blessing, 2007; Blackler, et al., 2010] . Applying knowledge of image schemas to interface design increases the chances of intuitive user interaction. Therefore, as the schemas are assumed to be a subconscious form of human knowledge, the more image schemas that are correctly identified by a user during an interaction, the higher the chance of intuitive interactions as measured by low cognitive effort, time and errors. Intuition has been researched in psychology for several decades, and much of the research is empirical. It is only recently that the field of HCI has begun appropriating the concept of intuition. Consequently, many existing frameworks are limited to qualitative evaluation and providing design guidelines aimed at helping designers to design products that are more intuitive to use. Recent studies have transformed intuitive use from an abstract idea to a concept, which can be formalised and employed in practical applications [Blackler and Hurtienne, 2007] . These findings have created opportunities for more research, including the quantitative evaluation of intuitive interaction, which is the focus of this research. This paper proposes a conceptual framework for evaluating intuitive interaction based on image schemas. The proposed framework quantifies intuitive interaction by employing image schemas to compare designer"s intent and user interactions. The designer"s intent represents the knowledge required to execute the task while the user interaction is what the user develops to explain the execution of the task. The proposed framework offers a Asikhia O., Setchi R., Hicks Y. & Walters A., 2015, Conceptual Framework for Evaluating Intuitive Interaction significant contribution to the research in this area as it introduces a new structured approach to usability testing, which provides both quantitative and qualitative evaluation of intuitive interaction. The rest of the paper is organised as follows. Section 2 reviews related work on intuitive interaction. The proposed framework and its components are discussed in Section 3. The experimental setup for the study is outlined in Section 4. The results are discussed in Section 5. Finally, Section 6 offers conclusions and suggestions for future work.
Related work 2.1 Intuitive use
Intuitive use is a desirable quality criterion in interface design. However, until recently, there has been relatively little research on the quantitative evaluation of this important criterion. Several theories have been applied in designing intuitively useable interfaces. These include affordances, population stereotype, metaphor, gestalt laws, and consistency [Blackler and Hurtienne, 2007] . These theories have been used as guidelines in the design of intuitively useable interfaces. Despite their usefulness, however, many of these approaches have limitations. For example, gestalt law is restricted to the arrangement of features, which is a very narrow area of design, and population stereotype is not universal in application. Though image schemas share some similarities with gestalt law in terms of their arrangement, they differ significantly in the level of processing. While gestal law appears in the early phase of perception, image schemas operate at a deeper level of processing connecting perception to cognition [Johnson, 1987] . Blackler and her colleagues conducted a comprehensive literature study into intuition and the various theories that contribute to intuitive interactions [Blackler et al., 2003a [Blackler et al., , 2003b . Based on the review, intuitive use was defined as follows: "Intuitive use of products involves utilising knowledge gained through other experiences. Therefore, products that people use intuitively are those with features they have encountered before. Intuitive interaction is fast and generally non conscious, so people may be unable to explain how they made decision during intuitive interaction" [Blackler et al., 2003a] . Empirical studies conducted to investigate the attributes of intuition from the definition have suggested three principles for creating intuitive interfaces. These are: (1) use familiar features for well-known functions, (2) transfer familiar things from other domains, and (3) increase redundancy and internal consistency of function, appearance, and location with the interface. These principles have been utilised into the continuum of intuitive interaction [Blackler and Hurtienne, 2007] . The three principles relate to the continuum of intuitive interaction in the following way. The first principle advocates designing interfaces using body reflectors, population stereotypes, and features from existing products in the same domain. The second principle suggests the use of metaphors and familiar features from other domains. The third principle recommends providing alternative ways of doing things so that both novices and experts, and older and younger users, can use the same interface easily and efficiently. Keeping internal consistency allows users to apply the same knowledge and metaphors throughout the interface. These principles and the continuum of intuitive interactions have been developed into a conceptual tool for applying intuitive interactions [Blackler and Hurtienne, 2007] . Recently, the tool was effectively used in two trial studies [Blackler et al, 2014] . Results showed that the products designed with the conceptual tool were rated higher in terms of their intuitive attributes by the participants than the old version. This research demonstrates that intuitive use is a function of the familiarity with similar features. In other words, a feature that is familiar to the user is likely to be used intuitively. Familiarity is quantified using a technology familiarity scale. However, the methods used for quantifying familiarity based on location, appearance and function of similar features can be very laborious. Furthermore, it is suggested that the continuum of prior knowledge acquired before interaction with new products comes from a variety of sources including innate knowledge, sensorimotor skills, culture, expertise, and the use of tools. The Asikhia O., Setchi R., Hicks Y. & Walters A., 2015, Conceptual Framework for Evaluating Intuitive Interaction potential number of people possessing a particular type of knowledge in the continuum of knowledge decreases from the bottom to the top. In other words, the lower the level of knowledge in the continuum, the more widely available it is. Similar to the previously mentioned definition, intuitive use is defined in this approach as "the user"s unconscious application of prior knowledge (which) leads to effective interaction" [Moh"s et al., 2006] . Intuitive interaction is measured using the International Organisation for Standardisation, ISO usability standard, which employs effectiveness, efficiency and satisfaction. Further studies have focused on using the sensorimotor level of knowledge in the continuum, and resulted in the development of a database of image schemas [Hurtienne and Blessing, 2007] , which also contains a series of product studies. Image schemas have been employed to analyse and quantify the product features in terms of effect strength. Effect strength was estimated based on whether the identified image schema instances support, hinder or are neutral to usability. However, observation of real interaction in an empirical study involving users would have been more appropriate. Spool"s two conditions of intuitive interaction [2005] postulate that at least one of these conditions must be satisfied before intuitive interaction can occur. The first condition suggests that the current knowledge, which is the amount of knowledge users have when they approach an interface, and the target knowledge, which is the knowledge they need to know in order to accomplish their objective, must be identical. The closer the current and target knowledge are, the more intuitive the interaction is. This condition emphasises the need to find a way of identifying the knowledge users currently possess in order to design intuitively useable products. The second condition refers to a more common situation where there is a gap between the current knowledge and the target knowledge. For intuitive interaction to occur, the second condition expects users to be completely unaware that the design is helping them bridge that gap. This condition necessitates creating an effortless way to bridge the gap between the current and target knowledge. The validity of these conditions is not tested in empirical studies. The recently proposed guiding framework for exploring intuitive interaction [O"Brien et al., 2010] uses seventeen attributes identified using research on intuition from a number of areas including psychology, education, management, decision-making, cognitive engineering and neuroscience. The review has resulted in a framework for intuitive design comprising six components, which include seeking the user"s goal, performing well-learned behaviour, determining what to do next, metacognition, knowledge in the head, and knowledge in the world. A working definition of intuitive interaction has also been proposed. "Interaction between human and high technology in a lenient learning environment that allows human to use a combination of prior experience and feed forward methods to achieve their functional and abstract goals" [O"Brien et al., 2010] . Unlike previous research that focuses on functional goal, this definition puts both functional and abstract goals in the focus. O"Brien"s conceptual framework has been further developed into an analytical tool for measuring intuitive interaction. However, at the time of writing this manuscript, there is no information about whether this tool has been validated empirically. Moreover, seven principles of intuitive design have been proposed by intuitive use of user interface, IUUI group [Moh"s et al., 2006] . These are suitability for the task, conformity with user"s expectation, self-descriptiveness, consistency, feedback, affordances, and gestalt laws. All these principles are very relevant in the field of intuitive interaction. For example, suitability for the task involves presenting the interface with the relevant information for completing the task. Placing unnecessary information on the interface reduces user"s efficiency in the use of cognitive resources while completing the task. Conformity with the users" expectations involves using familiar design features and accepted conventions. In terms of self-descriptiveness, designers should use features that explain the product use through cues. Employing gestalt laws improves clarity and increases the chance of subconsciously using the product features. Feedback provides a way to help users know what is happening and anticipate what to do next. Consistency involves following general principles in terms of interaction procedures and terminologies. However, these principles are rather a checklist for helping designers organise their design than an evaluation framework.
Image Schemas
An image schema is a dynamic pattern of organism-environment interaction that gives understanding to experience emanating from human bodily interaction with the physical world [Johnson, 1987; 2012] . These various experiences are represented as a structure that can be extended metaphorically onto another domain. Metaphoric extensions are correlations of sensorimotor experience in the world. Image schemas provide a way of representing experiences. As a representation scheme, they facilitate the transfer, via metaphoric extensions, of knowledge acquired in one domain (source) to a new domain (target) [Lakeoff and Johnson, 1980] . In other words, image schemas can be used to understand abstract concepts. According to , "the strength of image schemas lies in their metaphoric extension for structuring abstract concepts". An image schema is meaningless without its metaphoric extension. The metaphoric extensions help to map the features from one domain to another. For example, the up-down schema is used to provide an understanding where more is up in the domain of quantity; a compulsion schema is used to provide an understanding of experiences, such as those on a jet airplane physically being forced to move down a runway [Johnson, 1987] . Such experiences acquired by the users over a long period can become subconscious knowledge requiring less effort when applied to other domains. Other frequently used schemas include near-far, big-small, and back-front. Table 1 shows examples of image schemas [Hurtienne and Blessing, 2007] . diversion, counterforce, restrain remover, resistance, attraction, compulsion, blockage, balance, momentum, enablement Attribute heavy-light, dark-bright, big-small, warm-cold, strong-weak, smooth-rough, straight Image schemas have their theoretical background in cognitive linguistics. Studies suggest that the meaning of words is embodied in cognitive structures [Gärdenfors, 2007] . Recent evidence from neurological science shows that an action stimulating word like "walk" activates the same part of the cortex, which is used when a person is actually performing this action [Pulvermüller, 2001] . In reality, this indicates that the word has already activated the motor action, which facilitates quicker response. Several image schemas have been studied extensively in cognitive linguistics using verbal and nonverbal stimulus. Examples include up-down (Stanfield and Zwaan, 2001; Zwaan and Yaxley, 2003) , big-small (Glover et al., 2004) , near-far (Zwaan et al., 2004; Kaschak et al., 2006) , rotation (Zwaan and Taylor, 2006) and left-right (Zwaan and Yaxley, 2003) . These studies show that image schemas can be activated in audio, visual, and motor modalities and that the responses of the participants are quicker if the image schemas activated are consistent with the stimuli presented and slower if they are inconsistent. Recently, the use of image schemas and their metaphoric extensions has been advocated in the design of intuitively useable products [Hurtienne and Blessing, 2007; Macaranas et al., 2012] . Image schemas occupy the sensorimotor level in the continuum of knowledge acquired before interaction. Therefore, a product feature designed with knowledge of image schemas is more likely to be intuitive. Several studies have been focused on the use of image schemas in usability studies [Hurtienne and Blessing, 2007; Hurtienne et al., 2008; Britton et al., 2013] . These studies show that image schemas can be identified and extracted from the point of view of a designer or user. The designer"s perspective can be captured by analysing the task steps involved in interactions with similar products previously used in the past [Hurtienne et al., 2008] or extracted from product descriptions [Maglio and Matlock, 1999; Hurtienne and Israel, 2007] . The image schemas employed by the users (the user"s perspective) can be extracted from direct observations [Britton et al., 2013] and utterances [Hurtienne and Langdon, 2010] . The image schemas identified and extracted in these studies have been used to improve intuitive interaction and redesign products. This paper extends previous research by proposing a conceptual framework based on the degree of match between the designer"s intent and user"s interactions, both expressed through image schemas.
Conceptual framework
The framework comprises four phases ( Figure 1 ): goal identification, image schemas extraction, analysis, and assessment. The value of the proposed framework is in the provision of measurable outputs for evaluating intuitive interaction. The four phases are introduced below. 
Goal identification
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The process begins with identifying a functional goal (e.g. completing a specific task involving interaction with a product). The task is set by the experimenter who then explores the possible paths for actualising the task that can be followed. The task is broken down into a sequence of subtasks.
Image schemas extraction
This phase involves identification and extraction of relevant image schemas that correspond to the designer"s intent (when designing a product) and user"s interactions with a product (when completing a task). The designer"s intent represents the knowledge required to execute the task. The framework uses two complementary sources of information for representing designer"s intent. These are the task steps and descriptions of product features. Both are extracted from the product manual and then transcribed into image schemas. The product manual is a proxy for the designer"s intent. The proposed framework uses a variety of complementary methods to extract the image schemas employed by the user when interacting with a product. These include direct observations, think aloud protocols, questionnaires and interviews.
(i) Direct observation. Participants are directly observed while interacting with the product. An interaction cycle that consists of a sequence of subtasks was developed for the task based on the instructional manual. The manual helps to locate the task of the users and identifies every step made by the users. The image schemas used in the task are extracted from the recorded video observation of the users" interaction with the product at a later stage.
(ii) Think aloud protocol. A method that helps researchers to understand the thoughts of the users while interacting with a product. The participants are encouraged to verbalise their thoughts. In think aloud protocol, intuitive process is apparent by the absence of detail and logical thinking steps [Blackler, 2003a] . The utterances are recorded and then transcribed from which image schemas are extracted at a later stage.
(iii) Questionnaire. The questionnaires consist of a series of relevant research questions and subjective rating scale designed to measure user"s cognitive effort and satisfaction. The answers to these questions are transcribed from which image schemas are extracted at a later stage. See Appendix 1 for the questionnaire used in the study.
(iv) Interview. Participants are interviewed at the end of the task in order to elicit the information not captured by the other methods. The interview follows a structured approach. The responses from the interviews are also transcribed from which image schemas are extracted at a later stage. See Appendix 2 for the list of the questions used for the interview in the study. The four methods adopted in the proposed approach are complementary and allow data extraction from multiple sources. An image schema is identified at the subtask level by one or more of the suggested methods. Thereafter, inter-rater reliability is conducted on the identified image schemas. Inter rater reliability measures the degree of agreement between image schemas identified by the evaluators. This statistical approach brings a measure of objectivity of the image schemas used in the analysis phase. Cohen kappa coefficient (k) is proposed as a statistical tool for measuring inter-rater reliability. A coefficient value of above 0.6 is proposed as a benchmark for selecting the image schemas used in the analysis phase. This value is consistent with similar studies (Hurtienne et al., 2009 and Macaranas, et al., 2012] .
Analysis
This phase involves comparing similarities and differences between the image schemas corresponding to the designer"s intent and user interaction, as extracted in the previous This category involves image schemas that are correctly identified and used by the participants during the study in accordance with the designer's intent. For example, if a task involves the use of an up-down image schema as prescribed by the product manual and the participants identifies correctly its use during the interaction, the interaction is coded as category 1, identified and correctly used.
Identified and incorrectly used
This category involves image schemas that are correctly identified, but their use do not correspond to the designer's intent during the interaction. For example, "I thought the up and down button is to increase and decrease the time, but it is not working like that here".
Unidentified, trial and error
The third category corresponds to unidentified image schemas during the study. This also includes cases when the tasks are completed through multiple attempts (trial and error). For example "I don"t know what this button stands for, I am just trying it out".
The image schemas extracted in the previous phase by the four methods is categorised using the description shown in Table 2 . In cases where there are conflicts in terms of the categories of the four methods, that is, an image schema appears in more than one category at the same time, the direct observation is prioritised over the other three methods. This is based on empirical evidence collected in the study illustrated with Table 3 , which shows quotes from a participant use of the up-down image schema extracted using the four methods. Based on the interaction cycle developed for the task, the down button was used to control the increase of the time. The quotes from the table shows that the think aloud, questionnaire and interview methods provide a clue or an indication of the image schemas identified, in some cases, It does not provide conclusive evidence of the type of use (correct, incorrect and trial and error) in accordance with the designer"s intent. The direct observation gives strong indication of the type of use (correctly, incorrectly or by trial and error) of the image schemas in accordance with the designer"s intent. This was the general trend observed by the majority of the participants across the three products used in the study. Figure 2 shows the percentages of the image schemas identified by the four methods in accordance with the type of use (correctly, incorrectly and trial and error) by all the participants in the study. Based on these findings, a set of decision rules was developed to resolve any conflict emanating from the categories of the methods adopted in the study. The rules are listed below.
(1) If an image schema is identified by direct observation as correctly used, then return the image schema as correctly used.
(2) If an image schema is identified by direct observation as incorrectly used, then return the image schema as incorrectly used.
(3) If an image schema is unidentified (trial and error) by direct observation, and identified by any of the three methods as correctly used, then return the image schema as correctly used.
(4) If an image schema is unidentified (trial and error) by direct observation and identified by any of the three methods as incorrectly used, then return the image schema as incorrectly used.
(5) If an image schema is unidentified by the four methods as used by trial and error, then return the image schema as used by trial and error. For example, if in a particular subtask the up-down image schema is identified as correctly used by direct observation, incorrectly used by think aloud, and as trial and error by interview and questionnaire, it is returned as correctly used in the subtask based on the first decision rule. Image schemas identified as correctly used are categorised by the number 1; those identified as incorrectly used are categorised as 2 while unidentified trial and error are attributed the number 3.
Assessment
The proposed framework adopts quantitative and qualitative assessment techniques for evaluating intuitive interaction. This stage assesses the aforementioned categories attributions both quantitatively and qualitatively. (i) Quantitative assessment. For each extracted image schema, the percentage of participants that fall into Category 1 is calculated. These percentages are then averaged over all image schemas. This is calculated as the number of times the image schemas identified were used correctly by all participants over the total number of all image schemas Asikhia O., Setchi R., Hicks Y. & Walters A., 2015, Conceptual Framework for Evaluating Intuitive Interaction represented in the design for the completion of the task. This is computed using the following equation:
Where Q is quantification of intuitive interaction, ni is the number of times i-th image schema is used correctly by all participants, p is the number of participants and m is the total number of all image schemas represented in the design for the completion of the task. For example, suppose two image schemas, path and compulsion are employed in a particular subtask and the observations show that these two image schemas were used correctly by all the participants in 33% and 45% of all instances. As a result, the quantification is computed as 39%, as the average of the two values. It represents the degree of match between the designer"s intent and the user"s interaction with the product for this subtask. The larger the degree of match, the greater the likelihood that the image schemas employed for the completion of the subtask, were used intuitively.
(ii) Qualitative assessment. The image schemas that fall into Category 2 and 3 are qualitatively interpreted and translated into recommendations for improving the design.
Study design
The study was conducted to evaluate the framework proposed in the previous section. The hypothesis tested was that a close match between the image schemas of the designer and those of the users should improve intuitive interaction. Concretely, the more image schemas that are correctly identified for all subtasks during interaction by the proposed method, the higher quantification, Q and higher intuitive use as measured by low time, effort and cognitive effort. The study was designed to: 1) Illustrate how the conceptual framework can be concretely applied to a set of products, 2) Examine the inter-rater reliability of image schemas extracted in the case and independent study, and 3) Test the validity of Q as a measure of intuitive use defined as low errors, time, and cognitive effort.
Scope
The study conducted involves one hundred and twenty six observations (126) comprising forty two (42) participants completing a task with three (3) different alarm clocks. The methodology presented in this section was illustrated using examples of interactions with one of the products only. However, section 5 includes the result of the full study involving all three products. The participants in the user study were given a task to set an alarm clock to 8.30am. The task consisted of a sequence of five subtasks. Prior to the start of the study, the clock was in a normal mode with the time set to 3.00 a.m. The participants were timed and observed during the task; all interactions were recorded. Figure 3 shows participants in the study interacting with the products chosen for the study. A structured questionnaire was completed by the participants immediately after the completion of the task. The questionnaire asked the participants to rate the product in terms of cognitive effort required to complete the task and overall satisfaction (see Appendix 1). Finally, an exit interview was conducted. The study lasted approximately fifteen minutes per participant. 
Participants
A pre-screening questionnaire was used to recruit participants from a pool of volunteers. Forty-two participants were recruited for the study. The breakdown shows 13 females, age range from 22 to 43 years (Mean = 30.54, SD = 6.05), and 29 males, age range from 22 to 45 years (Mean = 30.31, SD = 5.07). None of the participants had prior experience with the products used in the study.
Apparatus
Multi-functional alarm clocks were used in the study. The first alarm clock has seven features, which include mode, set, time, timer, sound, up and down buttons and display. The second alarm clock has seven features comprising alarm on switch, alarm, hour, minute, timer, snooze button and display. These features are common to most digital products. The third alarm clock, an analogue brand, contains six features. This includes alarm on switch, volume switch, time knob, alarm knob, snooze and display. These products were chosen because they provided many interaction opportunities based on a wide range of image schemas. Figure 4 shows alarm clock 1 used in the study. The equipment used in the experiment was explained to the participants prior to the experiment.
Case study
The procedure adopted for evaluating the product is described below for product 1. It follows the four phases of the product evaluation proposed in the framework in Section 3. The task that was given to the participants was broken down into a task sequence corresponding to the subtasks from the manual. This represented the designer"s intent. The task involved five subtasks. The subtasks are listed below as identified from the alarm clock manual. (i) Activate the alarm mode (ii) Activate the set option (iii) Set the hour mark (iv) Set the minute mark (v) Activate the set time The user"s interaction was recorded using all four methods mentioned earlier: direct observation, think aloud protocol, questionnaires, and interviews. Thereafter, methods of extraction of image schemas corresponding to the designer"s intent and the user"s interaction were applied to the task identified in the goal identification phase. The first stage involved extraction at the subtask level of image schemas from the designer"s intent. This was extracted from the task steps and product features description in the manual. Table 4 shows the image schemas extracted from the manual for subtask 1 and their methods of extraction. The other four subtasks were extracted using the same procedure. Table 4 . Image schemas extracted from the designer's intent for subtask 1: "In the normal mode, press mode button to enter into alarm mode".
Image schemas invoked

Justification
Path
The path image schema is extracted. The structural component of the path consists of a starting point, and end point and a path linking the start point to the end point. The normal mode corresponds to the start point, the press action initiates a movement along a path to the end point which is the alarm mode.
Container
The container image schema is extracted from the word "enter into". The normal mode represents the location out of the container, the action word "press" initiate a movement through the portal into the container which represent the alarm mode. The in-out image schema is conceptualized from the container image schema as it relates to the location and movement in and out of a container.
Content
The content image schema, conceptualized from the container image schema, relates to everything in the container. It was extracted separately as a result of the many features displayed on the screen. The alarm mode represents the current location of the feature in the container.
Compulsion
The compulsion image schema is extracted from the action word "press". The external force in the form of the users physically pressing the button causes the passive entity (alarm clock) to move from the normal mode to the alarm mode. All force image schemas involve interaction resulting in movement along a path. To this extent, all force image schemas activate the path image schema (Pena, 1999) . i) Direct observation. Participants were directly observed and relevant clues suggesting the use of an image schema were identified and recorded using the interaction cycle developed for the task. For example, when a participant presses a feature, an image schema (e.g. compulsion, path, container, centre-periphery and near-far) is identified. The press action activates the compulsion image schema. As a general rule, all force interaction involves movement along a path, which activates the path image schema. The force action initiates a movement from one mode into another. This movement into the different modes activate the container image schema. The centre periphery is activated from the spatial relationship between the buttons and the screen. The near far image schema is activated based on associating the closest buttons to the features. The user"s actions were transcribed into image schema instances.
(ii) Think aloud protocol. The think aloud protocol is a proven method for detecting the processing mode of the user during interaction. Verbalisation or lack of it is often associated with thoughts that are accessible to conscious and subconscious processing [Schooler, 2002; Hammond et al., 1987] . Participants were encouraged to verbalise their thought while interacting with the interface. Intuitive use lacks the details of the reasoning process [Blackler et al, 2010] . The utterances were recorded and transcribed from which image schemas were extracted. (iii) The questionnaire contains a series of questions relevant to the research. The first part of the questionnaire contains three questions that target user"s prior experience of other digital products, and the usefulness of the experience that was transferred to this new domain. The main emphasis was on the description of the individual steps as well as the features used for the completion of the task. This question was structured in a way that participants were given the opportunity to express all that they know about the task without restriction. The second part of the questionnaire captured the subconscious aspect of the interaction. Participants rated their cognitive effort on a 5-point Likert scale. The participants" satisfaction rating was also recorded. The last part of the questionnaire targeted the difficulties experienced by the participants. The responses were collated and transcribed into image schema instances. The specific questions used for the study can be seen in Appendix 1.
(iv) The interview adopted a similar style for all participants. The interview focused on three main aspects in the study: awareness of cues, the confidence level of the participants and expectation with respect to the use of the product. The specific questions asked during the interview section are listed in Appendix 2. The four methods used for the extraction of the image schemas are shown in Table 5 . For example, the methodology used for transcribing the think aloud protocol into image schema instances is shown with a quote from the subject, such as, "the mode button usually gives you an option of moving between the different modes, so that was why I pressed it"". The path, compulsion and container image schemas can be derived from the utterances of the participants. The image schema path involves a physical or metaphorical movement in space with a beginning, a goal and a series of locations. The movement between the modes was captured as path image schema. The initial mode represented the start point, the final mode, the end point while the locations between the modes represented the path. Compulsion is a force image schema that requires an external force physically or metaphorically causing some passive entity to move [Johnson, 1987] . The action words "press" was captured as the external force from the user acting on the alarm clock, causing it to move from the initial mode to the final mode. All force image schemas are semantically related to path image schema as force interaction always activates movement along a path [Pena, 1999] . The container image schema was activated as a result of the movement from one mode into another. The movement between the different modes was captured as a path into the container". The in-out image schema depends on container for its conceptualisation, hence it is captured under the container image schema. 
Method Quotes
Image schemas invoked
Justification
Direct observation
Participants were observed to have pressed the mode button which activates the change from the normal mode to the alarm mode.
Compulsion
The press action initiates the movement from one mode to the other. The press action activates the compulsion image schema, while the change from one mode to the other activate the path image schema. The movement from the normal mode to the alarm mode represents the container image schema. Path Container
Think aloud
The mode button usually gives you an option of moving between the different mode, so that was why pressed it.
Path
Compulsion, path and container image schemas are extracted. The "movement between the different mode" represents the path and container image schemas.
Container Compulsion
Caused motion involves contact between two forces, one of which set the other in motion (Pena, 1999) . The action word "press" represent the compulsion image schema. Compulsion image schema is an example of a caused motion. All caused motion is semantically related to contact image schema as physical or metaphoric contact is made for compulsion to be effective.
Questionnaire
The label on the mode button helped to complete the task. This task is context based. The image schema extracted is used in the context of feature search.
Near-far
The near-far image schema is relevant for the task. The close button is grouped with text label, which help participant to make sense of what the feature stands for.
Enablement
The enablement image schema is relevant as the button possess the physical or metaphorical power to perform some act.
Interviews I could not figure out quickly the features because of the poor colour used for the label
Bright dark
The image schema indicates differing participants experience as a result of the poor contrast used for the label and the background activated the bright-dark image schema. Using white (bright) text on a white (bright) background created the contrast problem. A bright colour on a dark background would have been more helpful.
Blockage
The poor colour practically redirects and slow down the participants view activating the blockage image schema.
Thereafter, an independent study was conducted to evaluate the image schemas identified in the case study. Two independent evaluators were recruited based on their knowledge of image schema theory. This was done in order to determine the inter-rater reliability between the image schemas identified in the case study and the independent study. The independent evaluators were presented with two sets of data from the case study: Think aloud text of the participants and the task steps and product description from the manual. In addition, the list of the forty image schemas and their description used in the study was also presented to the evaluators. The three products used for the study were also displayed. They were asked to extract image schemas from the document containing the think aloud protocol of the participants and the task steps and product description from the manual. 10% of the participants think aloud transcriptions were randomly selected from the study for extraction. At the end of the task, the image schemas extracted from the think aloud and the manual for the three products were collated for each evaluator. Inter-rater reliability of the image schemas identified in the case study and the independent study was conducted using Cohen kappa, k. It was calculated as: k= observed agreement -probability of chance agreement 1 -probability of chance agreement (2) Chance agreement was taken as 50% since two options are possible for the independent evaluators: The options are either an agreement or disagreement with the image schemas identified in the case study. If there is an agreement, Cohen coefficient is positive and approaches 1 depending on the coefficient value. If there is a disagreement, Cohen coefficient is negative and approaches -1 depending on the coefficient value. A coefficient value of 0 indicates chance selection [Landis and Koch, 1977] . As mentioned earlier, a k value of above 0.6 was proposed as a benchmark for selecting the image schemas used in the analysis phase. Consequently, the image schemas identified in the case study and the independent study with a k value above 0.6 were used in the analysis phase. See Table 11 in Appendix 4 for the image schemas extracted by the independent evaluators for the full study. A Cohen coefficient value of above 0.6 indicates a substantial agreement. This benchmark value is consistent with similar previous studies [Hurtienne et al, 2009; Macaranas et al., 2012] . Eight image schemas had a k value above 0.6 for product 1 and subsequently were used in the analysis. These image schemas comprise container, path, bright-dark, attraction, matching, centre-periphery, compulsion and up-down. The next phase involves analysis of the extracted image schemas, both from the designer"s point of view and the user"s interactions. As already mentioned, the categories adopted for the study in Table 2 were applied to the analysis. The video recording was analysed using Noldus Observer XT. Figure 5 shows data analysis of a participant within Observer XT. The time to complete task and errors were processed from the observer software. See Table 12 in Appendix 5 for the processed data for one of the participants. The image schemas used and their categories were identified from each subtask based on the four methods adopted in the study. Table 6 contains quotes from each category in the study. As mentioned earlier, in cases where conflicts emerge, the decision rules developed were applied to resolve such conflicts. For the completion of subtask 3, the up-down image schema were identified to be in category 2 for direct observation, think aloud, and questionnaire and category 3 for interview method. The image schema extracted from the combination of the four methods was placed Asikhia O., Setchi R., Hicks Y. & Walters A., 2015, Conceptual Framework for Evaluating Intuitive Interaction in category 2 based on decision rule 2. Similarly, the decision rules were applied to the combination of the four methods used for extracting the other identified image schemas. Table 6 . Examples of quotes from each category Quotes Correct Incorrect Trial and error "I know mode button gives the option to choose from that was I pressed it. I pressed the mode button and saw the icon of the bell" Path Compulsion Attraction Matching "In my mind, I know when I press the button at the top, the hour will increase, but it is not working like that here".
Compulsion Up-down "I am confused. I don"t know what to do. I am just trying out this thing". None Figure 5 . Data processed using observer software. Table 13 in Appendix 6 shows the up-down image schema result for subtask 3 by all the participants based on the decision rules. The next phase involves quantitative and qualitative assessment. Table 7 shows the image schemas employed for the completion of subtask 3 by a participant. The subtask required the use of eight image schemas. The quantitative assessment reveals that three image schemas were correctly used in accordance with the designer"s intent (category 1). Four image schemas were observed to be incorrectly used (category 2) while one image schema was unidentified (category 3) by the participant while completing subtask 3. Using equation (1), with p = 1, intuitive interaction was quantified as 37.50% for the subtask by the participant. The image schemas used in all the subtasks with a kappa above 0.6 by all participants from the three categories is displayed in Table 8 for product 1. 
Results
As mentioned earlier, the quantitative evaluation of intuitive interaction for the study is based on equation (1). The hypothesis tested was that a close match between the image schemas of the designers and those of the users should improve intuitive interaction. Concretely, the more image schemas that are correctly identified for the completion of all subtasks, the higher the Q value, and the higher intuitive use as measured by low time, errors and cognitive effort.
Quantitative assessment
Participants that successfully completed all subtasks were grouped using the quantification, Q value. For the purpose of analysis, the participants were divided into two groups: Low quantification (Q value of 0-39%) and high quantification (Q value > 40%). Table 9 shows the mean and standard deviation time on all subtasks, errors and cognitive effort for the two groups. A t test was conducted between the variables (time, errors and cognitive effort) and levels of quantification across the three products used in the study. For the variable time on task and levels of quantification, the results reveal a statistical difference exists between participants time to complete all subtasks in the two groups (high and low quantification) for the three products. Product 1: t(28) = 3.39, p < 0.05; Product 2: t(18) = 2.70, p < 0.05 ; Product 3: t(20) = 3.12, p < 0.05. Similarly, for cognitive effort and levels of quantification, the result shows a significant difference exists between participant"s cognitive effort expended to complete all subtasks in the two groups (high and low quantification) for the three products. Product 1: t(28) = 3.73, p < 0.05; Product 2: t(18) = 4.00, p < 0.05; Product 3: t(20) = 3.78, p < 0.05. For the variable errors and levels of quantification, the result shows a significant difference exists between participants number of errors made while completing all subtasks in the two groups (high and low quantification) except for product 2. Product 1: t(28) = 2.00, p < 0.05; Product 2: t(18) = 1.87, p < 0.78 (n.s); Product 3: t(20)= 2.26, p < 0.05. These results indicate that participants with high quantification value were significantly quicker, made less error, and expended less cognitive effort while completing all subtasks with the three products used in the study. A Pearson correlation test was conducted between Quantification, Q and the variables (time to complete all subtasks, errors and cognitive efforts) for the three products. The qualitative assessment result was extracted from the image schemas appearing in categories 2 and 3. The task difficulties in the study were linked to the image schemas in these categories. For product 1, five image schemas comprising up-down, path, matching, bright-dark and attraction were identified to be in these categories. The image schemas in these categories for product 2 include restraint remover, path and matching while product 3 has path, bright-dark and attraction image schemas. The image schemas identified to be in these categories contributed to the low quantification value across the three products. Recommendation for improvements of the image schemas responsible for the task difficulties for the products used in the study was specified. For product 1, the spatial violation of the arrangement of the down button to increase the alarm time was problematic for the majority of the participants. Based on the observed problem, it was recommended to provide for correct mapping of function to features consistent with what the users are familiar with. The convention of placing features to increase at the top while to decrease below should be maintained. See Table 14 in Appendix 7 for the full recommendation for improvements of the image schemas in these categories.
Discussion
The quantitative result of the relationships that exist between quantification, Q and time to complete task, errors and cognitive effort show strong negative correlations across the three products. An independent t test also reveals a significant difference exists between time on task, cognitive effort and errors in the two groups (high and low quantification). The only exception was the variable, error for product 2, which has a p value of 0.07 against the standard significance value of 0.05. These relationships suggest that participants with high quantification value Q, tended to rate the cognitive effort expended as low, made less errors and were quicker to complete all subtasks. Overall, the results validated the hypothesis in terms of the relationship that exists between Quantification, Q and the variables time, errors, and cognitive effort in the three products. The qualitative results across the three products reveal the image schemas that were problematic in use by the majority of the participants in the study. For product 1, the up-down image schema affected the participants in terms of the arrangement of the features while path affected them in terms of the function. The arrangement involves the spatial location of the feature. The participants made more errors and increased search time as a result of placing the feature to increase the time in the reversed location. Similarly, the feature used to get into the alarm mode affected participants in terms of the function. The majority of the Participants affirmed they were used to the features "set" and "mode" to assess menu in most digital products. This particular product comes with mode and set features. Participants were split in between the use of the two buttons to get into alarm mode. A lot of errors and longer time were observed in this subtask (subtask 1). The attraction, bright-dark and matching image schemas affected participants in terms of appearance. The appearance of the feature includes colour, label and the icon used for the feature. The poor contrast in terms of the colour used for the label and the background created visibility and discriminability problems for the majority of the participants. Furthermore, the icon used to represent the alarm mode was presented with a poor colour that did not attract the attention of the majority of the participants. Product 2 was the most difficult as the majority of the participants clearly identified their preference. This was the only product used in the study where an image schema that was not represented in the design was overwhelmingly identified by the majority of the participants. While the button combination (hold down alarm button and press the hour button) which represents the restraint remover image schema was employed in the design to set the alarm time, the majority preferred a single button press (compulsion). The restraint remover and path image schemas generally affected the participants in terms of the function. The step involved in setting the alarm time was very difficult. The ideal of combining buttons to set the alarm time created interaction problems for the majority of the participants. The majority of the participants applied trial and error for the subtask (subtask 2) resulting in more invalid interactions and longer task completion time. Matching image schema affected the participants in terms of the presentation of the icon (appearance) used to represent the alarm mode. The use of dot sign to represent the alarm mode on the screen was not meaningful. The majority of the participants affirmed that they noticed the dot sign, but did not make sense of what it represents. For product 3, a lot of the participants had problems with the path, bright-dark and attraction image schemas. The path image schema affected the majority of the participants in terms of the function. Even though the task involved two subtasks, the majority of the participants spent more time trying to make sense out of using one dial to set the alarm time (hour and minute) as against two dials they are used to in setting the normal time. The bright-dark and attraction image schemas affected the majority of the participants in terms of the appearance. The product has two knobs at the rear with labels that are hardly visible.. The majority of the participants affirmed that it was very difficult to identify the knobs. A brighter and more attractive colour used for the labels would have aided the participants in identifying the feature easily. While conducting the case study, two key issues were observed in the implementation of the methodology. During the case study, it was observed that image schemas identified in the think aloud of the participants can be nested, that is having more than one image schemas interplay in the context of the user"s speech. While conducting the independent study, it was observed that the independent evaluators adopted different rules for extracting the image schemas identified to be relevant in the context of the speech and provided justification for their choice. This can be very problematic in terms of implementation. The context and information available at the disposal of the evaluators were observed to have played a great role in determining the image schemas identified. Although increasing the numbers of evaluators can boost the chances of identifying more image schemas as seen in the study, this will have an attendant effect on the cost of implementing the methodology. One way of addressing this problem will be to formalise a uniform rule for extracting image schemas. Secondly, while implementing the methods used for extracting image schemas for the study, it was observed that two of the four methods adopted in the study contributed less for identifying the image schemas used by the participants. An investigation was conducted across the three products to identify the methods that correctly identified the type of use while developing the decision rules. It was observed across the three products that direct observation contributed significantly with a mean percentage of 84.31%, followed by think aloud at 58.4%. The questionnaire (47.05) and interview (46.35%) contributed less for identifying the type of use. Considering the enormous effort involved in implementing the methodology for transcribing image schemas, it will be the position of this paper that direct observation and think aloud protocol will be sufficient for identifying image schemas in future studies.
Conclusion
The study reveals that image schemas that appear in the three categories, namely correctly used, incorrectly used and trial and error were applied during the interaction by all the participants. It was observed that these image schemas identified interplay in the context of the task swinging from one mode of processing to the other. The image schemas that appear in categories 2 and 3 activated more of the analytical processing mode in the majority of the participants. These were identified from participant think aloud, direct observation, questionnaires and interview. The study shows that by using a method for the quantification of image schema matching, interaction difficulties can be coded in terms of image schemas, and this has potential to lead to improved interaction design and may provide a new structured approach to usability testing. It uses the degree of match of image schemas employed by the participants in accordance with the designer"s intent as the basis for the evaluation. Image schemas that fell into categories 2 and 3 (namely those that lowered Q) seemingly lowered intuitive use (as measured by increased cognitive effort, time and errors). Qualitative results from the study also reveal interaction difficulties and recommendations for improving the design using image schemas. It is recommended that the image schemas with a higher degree of match can be retained for future design of the product while reviewing and improving the image schemas that are not transferring in the way the designer intended. In addition, the image schemas overwhelmingly identified by the majority of the participants, but not represented in the design should be incorporated for future design of the product. The study also reveals that direct observation and think aloud is sufficient to be employed in identifying image schemas in future studies. The questionnaire and interview contributed less in identifying image schemas based on the observation in the study. Applying image schemas in an evaluative fashion in this study is a novel way of quantifying intuitive interaction. The method used for the evaluation for this study can be generalised to cover various multifunctional digital products for intuitive and usability testing. The strategy that has been developed could be applied easily to early prototyping. Future research will focus on developing an ontology-based method for transcribing speech into image schemas. This ontology will address part of the problems identified in the study by proposing a uniform rule for image schema extraction from the speech of the user.
In the normal mode, press mode button to enter into alarm mode Path
Container
The container image schema is extracted from the word "enter into". The normal mode represents the location out of the container, the action word "press" initiate a movement through the portal into the container which represent the alarm mode.
The in-out image schema is conceptualized from the container image schema as it relates to the location and movement in and out of a container.
Content
Compulsion
The compulsion image schema is extracted from the action word "press". The external force in the form of the users physically pressing the button causes the passive entity (alarm clock) to move from the normal mode to the alarm mode. All force image schemas involve interaction resulting in movement along a path.
To this extent, all force image schemas activate the path image schema (Pena, 1999 ). The screen display shows an icon of a clock at the normal mode that change to the icon of the bell in the alarm mode. The alarm mode display a blinking colour at background
Centreperiphery
The central location of the screen creates spatial relationship with other features. The screen represents the centre and the other buttons represents the periphery.
Matching
The icon of the bell matches the alarm mode. The participants were quick to relate the sound made naturally by the bell with the alarm mode.
Attraction
The blinking of the background colour on the screen created an attraction image schema. The blinking drew the attention of participants to look at the feature on the screen.
Path
The change of the icon from the clock in the normal mode to the bell in the alarm mode represents the path image schema.
Near-far
The text written very close to the features activated the near-far image schema.
The labels are written with text in white on a white background Bright dark
The colour used for the text and background activated the bright-dark image schema. White (bright) on a white (bright). The colour contrast also activate the matching image schema. Table A3 . Processed data for one of the participants.
Appendix 6
